The study examines the short-and long-run elasticities of residential demand for electricity in Ghana from 1970Ghana from to 2010 
Introduction
Electricity is an important ingredient for economic growth and development (Ghana Grid Company [GRIDCo], 2010:13) . It is a multipurpose type of energy that underpins various products and services which enhance the standard of living and productivity of inputs. As a result demand is estimated to be increasing by 10 to 15 percent per annum (GRIDCo, 2010:13) . However, supply-side measures have been inadequate due to insufficient investment in new infrastructure and long gestation periods (Adom et al., 2012: 530) . In an attempt to bridge the increasing demand-supply gap, Ghana's electricity utilities installed 206 Megawatts (MW) at the thermal plants in 2010; however, the persistent rise in demand has resulted in continued shortages (Adom et al., 2012: 530) . (See Figure 1) The increasing demand for electricity is driven by the commercial, industrial and residential sectors. However, a greater percentage of this increasing demand is attributed to the residential customers 1 who contributed to an unprecedented (Energy Commission Ghana, 2010) . peak demand of 1,423 MW with a collective consumption of 10, 116 GWh in 2009 (Energy Commission, 2010 .
Residential customers are people who use electricity for non-commercial uses and maintain a consumption level equal to or less than 100 kilovolt Ampere at a nominal service voltage of 415 Volts for 3 phase and/or 240 Volts for single phase
Effective electricity demand forecasting and generation as well as policy making implementation and evaluation require the identification of the factors responsible for the increasing residential demand for electricity. This will assist in computing the magnitude of the estimates and quantifying their effects so as to strengthen demand-side management programmes.
The main objective of the study is to evaluate the determinants of residential electricity consumption in Ghana. Specifically, the study departs from previous ones by considering relevant factors such as the price of electricity and prices of related electricity commodities. Furthermore, it examines the presence or otherwise of simultaneity bias associated with single-equation models. The presence of simultaneity bias may generate spurious results. Finally, the study examines the effects of structural breaks in electricity consumption. The presence of economic events such as regime change and periods of electricity crises in the sample that cause structural changes can result in misleading inference in time series data (Perron, 1989) . This implies a non-rejection of a unit root can be attributed to the nonincorporation of structural breaks. Two time series tests are conducted to allow for endogenously determined structural breaks.
The study is structured into five sections: section two presents a review of the related literature, section three focuses on the theoretical framework and methods of estimation and sections four and five present the empirical results, conclusion and policy implications.
Review of Related Literature
In the past two decades numerous studies have examined the determinants of electricity consumption through the application of cointegration methodologies. There have been conflicting results particularly with the price of electricity and the prices of related electricity commodities such as kerosene and liquefied petroleum gas (LPG). Bentzen and Engsted (2001) undertook a study to establish the efficacy of ARDL in determining the cointegration relationship in the electricity demand model for Denmark, spanning 1960 Denmark, spanning to 1996 Narayan and Smyth (2005) However, these findings have been subjected to empirical challenge. While all these studies employed either the average price or average revenue variable as a determinant of electricity consumption, none of them considered the need to address the issue of endogeneity of the own-price variable in the demand model. Again, ideally the electricity demand equation should be modeled as a function of own-price, the price of related energy sources to electricity, consumers' income and the price of the stock of appliances and other factors which can influence electricity demand (Narayan and Smyth, 2005) . However, studies particularly in Africa such fell short of such empirical specification because they did not include the own-price and prices of related energy sources to electricity. Finally, none of the studies reviewed examined the presence and effects of structural breaks in sample data.
Theoretical Framework and Methods of Estimation
The theoretical underpinning of electricity demand evaluation is derived from the neoclassical concept of utility maximization for the household (Varian, 1992; Bhattacharyya and Timilsina, 2009 ). According to this theory, electricity provides a service to the consumer through the installation of appliances which are durable goods. The consumer can respond to changes in their prices in two broad ways: (1) by varying the installation and use of the existing appliance stock and (2) by buying and installing new and efficient appliances as income increases (Kamerschen and Porter, 2004:88) . This implies that the demand for electricity is a derived demand accomplished through the application of electricity appliances (Dubin and MaFadden, 1984; Bhattacharyya, 2009) .
Since the demand for electricity is a derived demand, short-run changes in its price and other factors will only induce changes in the rates of use of current appliance stock. However, in the long-run, variations in the price of electricity and other factors will not only induce variations in the utilization of existing appliance stock but also a bigger alteration in appliance stock. Therefore, the long-run elasticities are theoretically expected to be larger than those of the short-run estimates (Taylor, 1975, Kamerschen and Porter, 2004) This study examines residential electricity demand using a combination of methodologies. The first methodology, known as the ARDL, is suitable for the small sample size of 41 employed by this study. The study also determines the presence and effects of structural breaks in electricity demand using the ZA (1992) and Clemente et al.'s (1998) procedures. Finally, the study conducted the Dynamic Ordinary Least Squares (DOLS) and the Fully Modified Ordinary Least Squares (FMOLS) to check the presence and effects of endogeneity in the single-equation model. Following Halvorsen (1974:13) and Kamerschen and Porter (2004:91) , the study specifies the demand as: … (1) 2 In the demand equation the study closely followed Beenstock et al. (1999) , Narayan and Smyth (2005) and Halicioglu (2007) to construct a typical demonstration of the residential demand for electricity given the availability of data. Based on this, equation (1) includes which denotes price of electricity, which denotes the price of gas, represents the price of kerosene, denotes the per capita GDP, denotes urbanization and denotes the intensity of the residential consumption of electricity, while the disturbance error term. The prices of LPG and kerosene represent the prices of related energy sources of electricity. Variables on the price of appliances and temperature could not be captured by this study due to data constraints.
Autoregressive distributive lag bound model (ARDL)
The bound test to cointegration involves three stages. The first stage is to test the time series properties of the regressors in equation (1) to ascertain the order of integration of the series using the Augmented Dickey-Fuller (ADF) and KPSS. Pre-testing of the time series properties is important since the presence of of any of the regressors renders the ARDL approach inapplicable. The Zivot and Andrew (ZA) (1992) as well as Clemente et al. (1998) unit root tests were also employed to determine the presence of structural breaks points in the series. The determination of structural breaks in a series is relevant due to the alteration in the long-run growth trend of some macroeconomic variables (Clemente et al., 1998) . The ZA (1992) model that permits for a change in the intercept is adopted and expressed as: …………………..(2) where denotes the first difference operator, denotes the error term, is an index of time, permits for an indication of serial correlation and provides for the presence of stationarity of the series whiles shows a dummy variable that expresses a shift in the means taking place at period and the value of and otherwise. The application of the ZA method requires the choice of a 'trimming region ' [0.15, 0.85] and breakpoint which accords the value of beak date (TB) where the selected ADF statistic is the least (Narayan, 2005) . The optimal lag number is chosen by employing the significance procedure. The null hypothesis states that the series is an integrated process with no structural breaks, while the alternative hypothesis indicates the presence of structural breaks in a trend stationary function that occurs at years where the statistic is the lowest (ZA, 1992) . In a small sample size, the test statistic has the potential to deviate significantly from the asymptotic critical values provided by ZA (1992) . This can however, be avoided through the application of the procedure suggested by ZA (1992) for computing the exact critical values.
However, the ZA test lacks the capability to indicate double structural points in the series. To address this shortcoming, this study employed the Clemente-Montanes-Reyes structural break unit root test. Clemente et al. (1998) modified Perron and Volgelsang's (1992) statistics by integrating the assumptions of two structural breaks models. These are the additive outlier (AO) and innovative outliers (IO) models. The AO is the crash model and permits for an unexpected change in the mean, while the IO model permits for gradual shifts in the mean. The null hypothesis of no structural breaks in the series is tested against the alternative of structural breaks.
In the second stage, the presence of cointegration is tested among the regressors. At this stage the ARDL approach utilizes the bounds testing method. In the final stage the long-and short-run coefficients in equation (1) are estimated once the presence of a long-run relationship is established (Narayan and Smyth, 2005: 469; Halicioglu, 2007:202) .
Following the literature on the development of the ARDL approach to cointegration, the study provides a summary of this methodology. (3). On this basis the study examines the nonexistence of a conditional level relationship between and through the application of the following null and alternative hypotheses:
…………………………………………………………. (4) or ………………………………….(5) The stated hypotheses in equations (4) and (5) can be determined through the use of the standard -statistic. This statistic however, has a non-standard distribution which is a function of three properties. First, it considers whether all the variables in the ARDL model are I(0) or I(1), or both. Second, it determines the number of independent variables and finally, it verifies whether there is an intercept and/or a trend in the model (Narayan and Smyth, 2005) . Pesaran et al. (2001) provided two sets of critical values on the premise of 40,000 duplications of a stochastic simulation. These produce critical values bounds for all categorizations of the variables into only , only , or both for an observation of 1000. However, this study has a relatively small sample size of 41 observations. Narayan (2004:21-22 ) has provided the critical values suitable for a small sample size since such a sample's critical values deviate significantly from those developed by Pesaran et al. If the calculated F-statistic falls outside the critical limits a convincing decision can be taken with respect to the long-run relationship regardless of knowledge of whether the regressors are or , or both. If the calculated -statistic is higher than the upper limit of the critical values, there is a long-run relationship and the null hypothesis should be rejected. On the other hand, if the calculated -statistic is lower than the lower limit of critical values, the null hypothesis should be accepted (Narayan and Smyth, 2001) . Stock and Watson (1993) adopted the DOLS to estimate long-run equilibrium relationship in small sample size which assisted in correcting for simultaneity bias among the explanatory variables. The DOLS procedure comprised the regression of a variable integrated of the order I(1) on the other variables whether I(0) or I(1), the lags and leads of the first difference of the variables. The inclusion of the first difference variables, the accompanying lags and leads in the model are meant to preclude the presence of simultaneity and small sample biases that are inbuilt among the explanatory variables.
Philips and Hansen (1990) suggested the FMOLS procedure to correct for endogeneity bias and serial correlation problem in small sample size. The application of FMOLS is based on two principal conditions: First, there must be the existence of a single cointegrating vector. Second, the regressors must not possess a long-run relationship among themselves
Results and Discussion
This section presents and discusses the results of the quantitative analysis of the study. It comprises of unit root results, cointegration and long-and short-run estimates, as well as the diagnostic tests.
Results of unit root tests without structural breaks
The study employed the augmented Dickey-Fuller and KPSS to test the time series properties of the data. The null hypothesis of the ADF states that the series are unit root while the KPSS indicates the series are not unit root for the null hypothesis. Tables 1 and 2 show the results of the ADF and KPSS, respectively. , The results shown in Tables 1 and 2 revealed that five of the data series were not stationary at the levels, while two were stationary. The probability values of the ADF statistics indicated that the natural logarithms of , , , and exhibits unit roots. This is because their probability values are insignificant at any of the levels (1%, 5% and 10%). The study therefore failed to reject the null hypothesis at the levels indicating that the series are non-stationary. On the other hand, the data series of and are statistically significant at the 5 percent levels, since their probability values are less than 5 percent, indicating that they are stationary at the levels as well as the first difference. Therefore the null hypothesis was rejected. The results are thus mixed. The probability values of the KPSS statistics revealed similar results. However, the probability values of the KPSS statistics at the levels are significant at 1 percent, 5 percent and 10 percent levels, indicating that the series are non-stationary and exhibit a unit root problem. This revealed that the KPSS statistic is the direct opposite of the ADF.
Stationarity of the series can be accomplished by differencing. Using the natural logarithms of the first difference, the series now exhibited stationarity. The probability values of the ADF are significance at 1 percent, 5 percent and 10 percent, leading to the non-rejection of the null hypothesis which implies the absence of a unit root problem. Since the KPSS results also became stationary after the first difference it can be concluded that the variables are integrated of order one or .
Unit root tests with structural breaks
Given the ineffectiveness of the ADF and KPSS to capture the effect of structural breaks in the series, the study resolved this situation by employing the ZA (1992) single-break test and Clemente et al.'s (1998) The results of the ZA test indicated no supplementary verification of the results illustrated by the ADF and KPSS. This implies that the null hypothesis in equation (2) is not discarded at any level of significance for all the data series. ZA test indicates the break occurred in 1988 which corresponds to the period of electricity crisis along with introduction of the World Bank and International Monetary Fund structural adjustment programme. In the case of the Clemente et al (1998) double structural breaks, the break occurred in 1985 and 1998 which correspond to severe electricity crises attributed to drought and policy failures. Table 4 displays the results of double-breaks points in the data. The results show that the null hypothesis of a unit root in the data series was rejected after the first difference.
Cointegration test
Having indicated the order of integration of the variables as the first stage in the ARDL procedure, the second stage sets out to examine the presence or otherwise of a long-run equilibrium relationship among the variables. Applying equation (3) each variable in the electricity demand model is used as a dependent variable and its associated F-statistic is then computed. The study selected the maximum number of lags as 1, using the Schwarz Beyesian Criterion (SBC). This confirms the results of Pesaran et al. (1999) , who investigated the properties of a small sample size of the ARDL using the Monte Carlos estimation and found that the lag length selected using either SBC or AIC produced good results with small standard errors. Based on this, the study calculated the statistics and showed the results in Table 5 . Using equation (3), is higher than the upper bound critical values at the 5 percent and 10 percent level, respectively in all cases. This implies that the null hypothesis of no cointegration or long-run equilibrium relationship among the variables is rejected. This is attributed to the computed -statistics (20.2604, 6.6379, 3.7325, 22.6760, 14.8264, 7.2078 and 3.7206) being greater than the critical values of the upper bounds at the 90 percent, 95 percent and 99 percent levels of
A rejection of the null hypothesis of no long-run equilibrium relationship among the variables is thus illustrated impling cointegration. The study thus takes the real price of electricity, income, degree of urbanization and prices of LPG and kerosene, as well as the efficiency of electricity consumption as the long-run equilibrium variables that explain residential demand for electricity. 
Long-and short-run elasticities
Having obtained cointegration the study estimates the long-run determinants. Based on equation (3), a long-run singleequation is specified and incorporates a dummy variable term using the ARDL ( ).
The dummy variable ( captures the significant effect of the structural breaks on the demand for electricity. In its application if and 0 otherwise and indicates a single break at a known time (Harris and Sollis, 2005). The study only reports the results of a single break (1988) on the effect of electricity demand since the effects of the multiple breaks were not significant. The estimated long-run coefficients of equation (6) are indicated in Table 6 . Table 6 indicates that the long-run coefficients of all the explanatory variables acquired their respective a priori theoretical signs. The real price of electricity yielded a coefficient with the magnitude of -0.0764. The estimated coefficients imply that a 1 percent increase in electricity price results in an approximately 0.0764 percent reduction in electricity consumption and statistically significant but inelastic. This is due to the following: (1) the price of electricity is heavily subsidized for the residential sector; (2) electricity prices are highly regulated by government and as a result demand is by and large affected by income to acquire appliances and thus render the sensitivity of price ineffective. This implies that the possibility of substituting alternative energy options is limited; and finally (3) reforms in the electricity sector which resulted in the setting up of the Public Utility Regulatory Commission (PURC) 3 to adopt pricing mechanisms to stimulate competition and attract new private investment has not been effective. This is attributed to government interference that restrained the PURC from charging cost-reflective prices. As a result, PURC decisions on upward adjustment of electricity prices have regrettably become mere recommendations to government rather than policy actions. Income ( ) with a coefficient of 0.9438 indicates that a 1 percent increase in income level leads to an approximate 0.9438 percent increase in electricity consumption and is statistically significant at the 1 percent level. The positive relationship implies that an increase in income induces the purchase and modification of the stock of appliances which increase the demand for electricity.
The income elasticity is bigger than that of the price of electricity; this is attributed to the government's subsidization of residential electricity consumption. This confirms the assertion that electricity is a key indicator of the 3 The PURC, an independent regulator of the electricity sector, was established in 1997 by an Act of Parliament (Act 538) with the main responsibility to regulate electricity tariffs and the quality of service delivery to consumers. standard of living of the people of Ghana. The positive and high income elasticity is a measure of the variations in that standard of living. Therefore improvements in the incomes of Ghanaians are associated with increased electricity consumption through the acquisition of appliances. For instance Ghana's Gross Domestic Product (GDP) grew from 3.5 to 7.8 percent between 1985 and 2011 during the same period the demand for electricity grew at the rate of 10 to14 percent per annum (Energy Commission, 2012) . This implies that as living standards improve, electricity usage rises swiftly, particularly in the initial stage of economic development, but at a slower pace in later stage of development (Lee and Chiu, 2011:4) . Therefore the use of electricity is a cost-based decision which is associated with the purchase of household appliances. Two important conclusions can be drawn from this implication: (1) electricity is a vital commodity in the residential sector; most people depend on it for their everyday activities and thus must purchase appliances and (2) it reinforces the perception that Ghanaian society is consumption-oriented. As expected, the estimated coefficient of degree of urbanization is positive and statistically significant at the 1 percent level. The coefficient estimate of urbanization implies that a 1 percent growth in the urban population leads to an approximately 4.4853 percent increase in electricity consumption. The magnitude of the coefficient is not surprising because a large proportion of residential electricity is consumed by the urban population. For example, in 2008 about 78.5 percent of residential sector electricity consumption was attributed to the urban centres for lighting, freezing and cooling (GSS, 2008) . This is explained by the fact that urban dwellers have a high probability of securing employment and earning higher incomes and are thus more capable of purchasing electricity appliances than those living in the rural areas. The positive and statistically significant coefficient of urbanization is a confirmation of the assertion that in general, larger cities are distinguished by improved electricity markets and distribution systems, resulting in improved access to electricity and utilization of appliances.
The coefficients of the price of LPG and kerosene ( ) are statistically significant at the 5 percent and 1 percent significance levels, respectively. The negative relationship of the coefficients with electricity consumption is an indication that LPG and kerosene on the one hand, and electricity on the other, are complementary goods. Since the coefficient of kerosene (-0.16542) is relatively larger than that of LPG (-0.0994) it implies that the degree of complementarity between kerosene and electricity is relatively stronger than electricity and LPG.
The coefficient of intensity of electricity utilization has a positive sign and is statistically significant at the 1 percent level of significance. It implies that a 1 percent increase in the intensity of electricity leads to an approximate 0.99688 percent rise in electricity consumption. This is because most electrical appliances are secondhand and are therefore highly inefficient in drawing electricity. The high residential electricity usage is thus explained by this fact. For example, in 1999 the residential sector of six regional capitals 4 purchased and used 556 units of secondhand refrigerators as against 513 units of new refrigerators (Constantine et al., 1999) . Agyarko (2010) confirmed this by revealing that about 30 percent of total electricity generated goes to waste as a result of the use of inefficient appliances by consumers. While the Energy Commission of Ghana was mandated by parliament to design minimum energy efficiency standards and labels, the programme has not yet been fully implemented and enforced as the institutions responsible for enforcement are still under-resourced.
The coefficient (-0.2085) of the dummy variable is significant at the 1 percent level and negative. This implies that Ghana's electricity crisis in 1988, which was attributed to insufficient rainfall in the Volta basin, resulted in an approximate 0.2085 reduction in electricity consumption.
The results of the FMOLS and DOLS are shown in Table 8 . The ARDL and FMOLS differ in two respects. First, all the variables in the ARDL model are significant however, in the FMOLS two variables (income and LPG) are insignificant even though they have met the theoretical apriori expectation. Secondly in the ARDL model the both prices of LPG and kerosene were indicating complementarity with electricity. But in the FMOLS the coefficient of LPG indicated a positive sign signifying it is a substitute to electricity. Based on these differences this study can indicate without any reservations that the ARDL model is more robust than that the FMOLS in determining the residential demand for electricity in Ghana. It also implies the ARDL model is not conditional on the econometric techniques employed.
However the ARDL model is found to be conditional on the econometric techniques of DOLS and thus less robust compared to the DOLS. Even though all the variables met their a priori expected theoretical signs and statistically significant in both the ADRL and the DOLS the coefficients of the degree of efficiency (1.3266), own-price (-0.1438), income (1.3843) and LPG (-0.1355) from the DOLS are relatively bigger than those obtained from the ARDL such as 0.8662, -0.0974, 0.7572 and -0.0994 respectively. This implies the small nature sample size of 41 observations for this study has been improved by the adoption of the DOLS. 0.0310** Note: ** and *** denote statistical significance at the 5% and 1% levels respectively. ARDL (1) selected based on SBC, Bartlett weights, truncation lag= 3 for the FMOLS, Non-trended Case and fixed leads and lags specification (lead=1, lag=1) Long-run variance estimate (Bartlett kernel, Newey-West fixed bandwidth= 4. 0000 for the DOLS.
The short-run dynamic equilibrium relationship coefficients are estimated incorporating an error correction term (ecm) and the dummy variable and the results presented in Table 7 . In accordance with theoretical a priori expectations, all the elasticities of the short-run variables are relatively smaller that their respective long-run coefficients and are statistically significant. This is explained by demand theory which suggests that when the price of electricity rises, the substitution and income effects induce consumers to reduce only the rate of consumption in the short-run. However, in the long-run, a price rise will not only reduce the rate of utilization, but change the composition of the electrical appliances that will further reduce electricity utilization.
The long-run price elasticity is not substantially different from that of the short-run in the ADRL model. This may be attributed to three major reasons. First, only 3 percent of residential consumers in Ghana use electricity for cooking and space heating (GSS, 2008) . As a result, when electricity prices increase they do not significantly alter the stock of electrical appliances. Second, the presence of poor behavioural attitude induces consumers to harbour the erroneous impression that secondhand appliances are of good quality and therefore tend to acquire them instead of new ones (Constantine, et al., 1999) . Third and finally, the relative unavailability of appliances that use alternative energy sources gives consumers little choice. Based on these reasons only a few consumers tend to reduce electricity utilization through the substitution of a few electrical appliances, which accounts for the inelastic nature of electricity demand even in the long-run.
The error correction term is statistically significant at the 1 percent level and robust. The coefficient of -0.6325 implies that after a 1 percent deviation or shock to the system, the long-run equilibrium relationship of electricity consumption is quickly reestablished at the rate of -0.6325 percent per annum. The implication is that after a shock the speed of correction for deviations is about 63 percent in the following year. Therefore, if the price of electricity rises and residential consumers react to it by reducing consumption of its complements and the price later evens out, consumers take less time to revert to the use of electricity.
To correct for the effects of structural breaks on electricity demand the data series were divided into two samples and estimated. Sample one spans 1970 to 1987 and sample two covers the period 1988 to 2010. The study only presents the results of sample two in Appendices B and C since most of the coefficients of sample one were insignificant. Most of the coefficients were significant for sample two. The results of sample two demonstrate structural break in 1988 was temporary and got corrected afterward. This is confirmed by the CUSUM and CUSUMQ which indicated stability of the parameters after 1988 and electricity returned to its trend path. 
Results of diagnostic tests
The diagnostic tests of the short-run estimation to examine the reliability of the results of the study are shown in Table 8 . The results demonstrate that the study accepted the null hypothesis of no serial correlation using the Lagrange multiplier test of residual serial correction. The F-statistic also indicated the non-rejection of the null hypothesis in the same regard. The RESET test showed evidence of correct functional specification of the model. The model also passed the heteroscedasticity test, indicating that the variances are constant over time. 
Conclusion and Policy Implications
The study employed annual time series data spanning 1970 to 2010 to examine the determinants of residential demand for electricity in Ghana applying a combination of techniques. First, it used the ARDL technique to model residential electricity demand. Second, it examined the presence and effects of structural breaks on electricity demand and finally, it used the FMOLS and DOLS to correct for the possible presence of endogeneity bias. The estimated coefficient of the own-price elasticity indicated electricity as an inelastic product. The implication is that residential consumers in Ghana consider electricity a basic human need. From an energy policy stance, this means that there is room to discourage residential electricity subsidization by adjusting price to equal the long-run marginal cost.
The income estimates provide information for government to design reform policies as well as introduce demandside management programmes to improve the electricity sector. Furthermore, urbanization is indicated as an essential element in making Ghana an electricity-conserving country. Therefore policy should be directed to improving the quality of urbanization.
The study revealed a complementary relationship between kerosene and LPG on the one hand, and electricity on the other. The policy implication is that any upward adjustment in tariffs will raise utilities' revenue since consumers will not substitute electricity for kerosene and LPG but rather continue to use them together. This situation provides sufficient room to reduce electricity subsidies for the residential sector and to price electricity at the market equilibrium to instill efficiency in the sector.
The estimate of the degree of efficient utilization of electricity suggests that electricity consumption is inefficient due to the influx and utilization of secondhand appliances in Ghana. A United Nations' report indicated that 85 percent of all imported electrical and electronic appliances are secondhand (United Nations, 2012) . This is an indication that the institutions and regulatory bodies mandated to enforce a ban are weak in the discharge of their duties. Therefore, policy should be geared towards educating Ghanaians and changing behavioural attitude as well as strengthening and enforcing standards and labels. Historical residential electricity consumption data were used to capture the residential electricity demand since demand is unobservable. This data is in Gigawatts hour (GWh). The data is deflated by the number of residential customers to obtain the net electricity consumption.
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Data on residential electricity were obtained from the Volta River Authority (VRA) and the Energy Commission (EC) of Ghana. The data from the VRA spanned 1970 to 1999 while those from the EC covered 2000 to 2010.
Real electricity prices ( )
The study used annual real average price of the residential sector as a proxy for the real price of electricity. This was due to the unavailability of average electricity prices from the 1970 to 1990. The average revenue measures the revenue derived from a unit of Gigawatts (GWh) of electricity sold by the Volta River Authority (VRA) of Ghana. These prices represent the electricity end-use prices in Ghana cedis 5 per GWh.
The average revenue data were obtained from the Volta River Authority's annual reports from 1970 to 2010.
Real income ( )
The study used the real GDP per capita constant at 2000 US$ to capture the real income per capita. The World Bank defined GDP per capita as the gross domestic product divided by the midyear population. The GDP is the sum of gross value added by all residents producers in the economy plus any product taxes and minus any subsidies not included in the value of the product. It is then deflated using 2000=100 consumer price index to obtain real values
The data on real income is obtained from the World Bank cd-rom 2010.
Degree of urbanization ( )
The percentage of urban population to total population was used to capture the degree of urbanization for the illustration of structural variations that took place within the study period. The World Bank defines urban population as the midyear population of the areas defined as urban in Ghana and reported to the United Nations.
The data on the degree of urbanization were collected and sourced from the World Bank cd-rom 2010.
Prices of kerosene ( )
The retail prices of kerosene measured in cedis per litre is used to capture the price of kerosene. To obtain the real prices the nominal prices were adjusted using the CPI 2000=100
The data were sourced from the National Petroleum Authority of Ghana, 2011. Prices of liquefied petroleum gas ( )
The real retail prices of LPG measured in kilogram per litre was used to capture the prices of LPG. To obtain the real prices the nominal prices were adjusted using the CPI 2000=100
The data were sourced from the National Petroleum Authority of Ghana, 2011.
Intensity of residential electricity consumption ( ) Residential electricity consumption intensity is used to capture the degree of efficiency of appliances. This calculated as the ratio of residential electricity consumption to the real gross domestic product.
The data on GDP were sourced from World Bank cd-rom 2010 while the residential electricity consumption were obtained from VRA and EC.
Appendix B: Estimated long-run coefficients using the ARDL approach. ARDL (1) 
